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the Federal Food, Drug, and Cosmetlc Act (FDCA) (21 US.C. §§ 355 (b) and (])) and 21
C.F.R. § 10.30, to request that the Commissioner of Food and Drugs withhold approval
of any Abbreviated New Drug Application (ANDA) fora genenc version of Ferrlecit®
(sodium ferric gluconate complex in sucrose) until the’ condmons set forth in thls petition
are satisfied.

A. Actions Requested L A

Watson asks that FDA not approve any ANDA c1t1ng Ferrlecit® as the reference
listed drug (RLD) unless the:

1. process used to manufacture the generic product has been adequately
demonstrated to be the same as Watson’s manufacturmg process for
Ferrlecit®, and : :

i : o

2. physmcochemlcal characteristics of the generxc product are the same as those

of Ferrlecit® , and

3. the active ingredient or, in this case, the ﬁnal genenc product can be
adequately demonstrated to be the “same as” that of the reference hsted drug

If all of the above requirement cannot be met then the FDA should requn'e that the
applicant submit an NDA supported by a demonstration of equivalent safety and
effectiveness based on results of appropriate prechmcal and cln’ncal studles
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B. Statement of Grounds

1. Introduction and Background

The Food Drug and Cosmetic Act requires that any person filing an Abbreviated
New Drug Application for a drug containing a single active ingredient must demonstrate
that the active ingredient of the new drug is the same as that of the approved reference
drug As discussed in detail below, a manufacturer of generic sodium ferric gluconate
complex in sucrose for in gec’aon will not be able to produce the same active ingredient or
final product as Ferrlecit” unless they use the exact manufacturlng process used by
Watson. If the exact process is not used, the FDA must require that the sponsor of the
generic product demonstrate that the effectiveness and safety of their product is
equivalent to that of Ferrlecit® by performing adequate precllmcal and chmcal studies.

Ferrlecit® is an iron supplement for intravenous admmlstrauon Itisa h1gh
molecular weight macromolecule known as sodium ferri¢ gluconate complex in sucrose.
It differs both structurally and chemlcally from the other types of parenteral iron
supplements on the market i.e., iron dextran and iron sucrose. Because the process used
to manufacture Ferrlecit® is complex and employs both spemahzed equipment and tightly
controlled processes, the manufacturing process is critical to the final structure of the
Ferrlecit® macromolecule. In addition, because of the co?mplexrty of the macromolecule,
its structure has yet to be determined and can only be part1ally inferred from 4
physicochemical testing. Therefore, until the exact structure of the Ferrlecit®
macromolecule can be established, it is impossible to determine if two products, made by
different manufacturers, are the same.

2. History of Injectable Iron Compounds

In the 1950s Fisons Pharmaceuticals introduced the first injectable iron product
Imferon®, an iron dextran, in the United States. Iron dextrans are colloidal solutions of
ferric hydrox1de solubilized by partially hydrolyzed dextran of low molecular welght
FDA accepted this product in 1968 according to the provisions of a DESI- -review.” In
1990, Fisons withdrew the product from the market due to manufacturing issues related
to particulate matter. In 1992 Schein Pharmaceuticals introduced a new injectable iron
dextran product called INFeDO In 1995 American Regent introduced another iron
dextran called Dexferrum® These two iron dextrans are not exactly the same; the iron
complexes in INFeD® have a 51gn1ﬁcantly lower average molecular weight than those in
Dexferrum®, but both are considered to be iron dextrans., None of the iron dextran
products are rated as therapeutically equivalent to one another

121 U.S.C. § 355(G)(2)(A)GiXTD)

2 FDA Review of Pharmacokinetics and Iron Utilizwatvi(on:Studies, November 28, 1995,
ANDA 40-024, Iron Dextran Injection, USP, Luitpold Pharmaceuticals, Inc.
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While iron dextran, iron sucrose and sodium ferric gluconate complex i in sucrose
are all considered garenteral iron supplements, they differ greatly in their molecular
weights. Ferrlecit® is the largest molecular weight product of all the parenteral iron
preparations, and therefore, the most chemically complex. As will be discussed later,
molecular weight may have an impact on both the effectheness of these products as well
as their safety profiles. :

3. FDA should not approve any ANDA referencmg Ferrlecit® unless the
generic product has been shown to be manufactured accordmg to the same
process as Watson’s, or the safety and effectlveness of the generic product
has been shown to be equivalent to Ferrlecit® m adequate clinical studles

a. The Manufacturing Process Of Product Is Extremely Comphcated Drfﬁcult
To Reproduce And Creates The Distinct Chernical Structure Of Ferrlecrt .

The Ferrlecit® manufacturing process was developed almost 45 years ago and is
unique in that it starts with simple components and proceeds through a series of carefully-
controlled chemical reactions and purlﬁcatron/sterrhzatlon steps to produce the final =
macromolecular product. It is also unique in that there is no identifiable actrve 1ngred1ent
before the creation of the final product: sodium ferric gluconate polymers in an aqueous
sucrose solution. Because of these facts, the process must be strictly controlled with
numerous in-process tests to assure the identity, strength quahty, purrty and
reproducibility of the final drug product.

¥

\‘;, . i
: - ]
The actual manufacturing process is a multi-step process involving numerous

individual ingredients which must be combined in a specrﬁc order, at specific rates and
under specific conditions for the reaction to proceed correctly Even the conﬁguratlon of
the reaction vessel can be critical, because a controlled heterogeneous chemical reaction
is a critical step in the preparation of Ferrlecit®. The process therefore uses custom
designed equipment that was created specifically for the productlon of this product
Reaction temperatures, pH, filtration, and addition, st1rr1ng and flow rates must be
controlled throughout the process to reproducibly create the Fertlecit® drug product.
Variations in any of these parameters throughout the maﬁufacturmg process could result
in critical changes to the final product.” o |

The manufacturing process was originally developed in 1959 and subsequently
transferred to a different manufacturing facility which stlll manufacturers the product.
When the production was transferred to the current facrhty, the actual product1on
equipment was also transferred in order to minimize any variation in the process. With
only mmor modifications to the filtration technology, thls equlpment is still berng used
today.® !

7 Data on file at Watson Pharma.

8 Data on file at Watson Pharma.
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b. Physicochemical differences resultmg from drfferent methods of productron
could have a negative impact on the efﬁcacy of a generrc product
In its review of an iron dextran product, FDA stated that, “aside from molecular
weight differences (see discussion below) there may be other physrcochemlcal
differences resulting from probable different methods of productron .which might matter
in terms of efficacy.” In noting this, FDA acknowledges that a difference in the
manufacturing process of these far less complicated iron dextran cornpounds could have a
deleterious effect on the final product and its effectlveness Based on Ferrlecrt s large
molecular weight and molecular complex1ty, one would expect fffober more sdsceptlble
to any change in the manufacturing process. t
c. Physicochemical differences resultmg from drfferent methods of productron
could have a negative impact on the safety of a generlc product i
Due to the complex nature of the manufacturmg process all attempts have been
made to keep the procedures equipment, and parameters ‘the same over the last 40 years
of production to assure a consistent final product HoweVer there have been several
instances where certain parameters of the process were mtentronally changed and resulted
in an apparent increase in the reported adverse events.

In the mid 1990s, a marked increase in the number of adverse events reports was
noted in data coming from Italy and Germany for Ferlrxrt (the European brand name for
Ferrlecit®). In the first half of 1995, a total of two adverse events were reported in Italy
and four in Germany. In the second half of the same year the adverse event incidence
rose to 60 in Italy and 38 in Germany. After an exhaustrve investigation of the
manufacturing process, it was determined that the source of one of the 1ngred1ents of the
product had been changed. Although both ingredients frOm both sources met the rigorous
European Pharmacopoeia standards, subsututmg one for the other resulted i m a dramatrc
change in the safety profile of the final product. ™ {

i ! S

In another case, a preservative-free version of Ferllecit was manufactured for use
in a clinical study. The product was made in exactly the same manner as the commercral
product except that preservative was eliminated. The preservatrve -free clinical trial
material was manufactured using production equipment and production batch records
according to the process used for the commercial productron of the preserved Ferrlecit®.
When used in the clinical study an unusually high number of patients discontinued from
the study due to adverse events. Although the events cannot be definitely attributed to
the change in Fertlecit® formulation, it is reasonable to suspect that it was a contrlbutmg
factor. t o L

® November 17, 1992 Amendment in Support of PharmaCeutlcal Equrvalence and Walver
Request, ANDA#4O 024, Iron Dextran Injectron USP, Lultpold Pharmaceutlcals Inc.

% Data on file at Watson Pharma.

T o
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4. Until the drug product is fully characterxzed it is not poss1ble to

determine if a generic product is the “same” as Ferrleclt as requlred under

the FD&C act. L , o

Since its development in 1959, there have been ongoing efforts to fully
characterize the Ferrlecit® macromolecule. Much of the early work was performed by
Dr. Keppler in Vienna and Heidelberg, Germany. Later fesearch ‘was performed by R&D
Labs and Watson Laboratories to support the Ferrlecit® NDA ‘

Unfortunately, the molecular complexity of Ferrlec1t is h1gh and no
unambiguous structure can yet be assigned. Standard characterlzatlon techmques such
as nuclear magnetic resonance (NMR), have proved only partially effective for
determining the structure of the Ferrlecit® macromolecule due to the paramagnetrc ferric
centers. X -ray crystallography is ineffective because of the amorphous nature ‘of
Ferrlecit® in fluid solution. However, some aspects of the structure may be 1nferred from
other spectroscopic data and chemical analyses. '

In 1997, extensive addmonal physiochemical testmg using state- of—the art testmg
was performed on Ferrlecit® ' Based on these results, it was concluded that Ferrlecrt is
an aqueous pH 8.5 solution containing an anionic high molecular welght polynuclear
ferric species, benzyl alcohol and excess sucrose. There is no exzperlmental ev1dence for
the presence of Fe(II) sodium chloride or carbonate, or dcxtran

The structure proposed in 1997 consrsted ofa d1 1ron repeat umt brrdged by
carboxylate groups and hydroxo/oxo groups The iron coordmatlon number was
determined to be six and the iron atoms in a high spin, S“6 If one assumes the average
molecular weight of 350,000 (based on the best ava11able data at the time), then the
number of repeats of this unit shown in the figure would ‘e about 200. To be cons1stent
with the known reaction stoichiometry of Ferrlecit® [Fezog(CsHl 107)(C12H2201 1)s], it ‘
was assumed that four sucrose molecules were directly coordinated with iron and that the
additional sucrose molecule must be assocrated with the complex presumably through
hydrogen bonding to the other ligands. Ao i A

More recent research sponsored by Watson Laboratorles prov1des somewhat
contradictory results. Recent analyses examined the phys1cochemlcal properties of a
highly purified Ferrlecit® macromolecules which was. then isolated as a lyophrhzed solid.
It is important to note that the pur1ﬁcat1on/Iyophlhzatron processes do not change the
structure of the macromolecule as evidenced by the fact that the purified macromolecule
has the same electronic structure as the macromolecule n} the,commercial product.

Using the purlﬁed product, experimental results provrde no evidence for sucrose
coordination to iron in 1yoph1hzed Ferrlecrt Elemental ana1y51s of purrﬁed Ferrlecrt

; . . j
]
! o |
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" Data on file at Watson Pharma. [ :
| .
¢ A

12 Data on file at Watson Pharma.
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indicates the presence of one sodium atom per 14 iron atoms, compared to the previous

- results that indicated a ratio of 1:2. The ultrafiltration | prOcess removes 100% of the

sucrose and 61% of the sodium gluconate. The present conclus1ons based on all the
evidence generated to date, is that the Ferrlecit® macromolecule is not associated with a
significant quantity of sucrose and contains less sodium gluconate than prevrously
believed. In addition, based upon the new data obtained for the purified Ferrlecit®
macromolecule, the molecular weight ranges from approX1mately 340 OOO to 75 0 000
daltons, higher than previously thought.

These results indicate that Ferrlecit® is an unusually complex macromolecule that
is difficult to characterize, even with current state-of-the-art testing. Because of the
paramagnetic nature of the ferric centers, the standard tests used for structural
characterization are impossible to perform. As we employ each new method of
characterization, we are finding out more about the natur¢ of this complex
macromolecule. However because it is so difficult to accurately characterize the actual
structure of the Ferrlecit® macromolecule, it will be 1mpossrble to demonstrate any sort of
chemical comparability with a generic product without uSmg the extensive test
procedures that we have employed Even performmg thrs exhaustlve barrage of tests may
not guarantee that a generic product is structurally comparable to Ferrlecrt because one
can only infer the structure from the results. 2 o ; ‘

5. If the molecular weight of a generic product differs s1gmficantly from the
molecular weight of Ferrlecit®, clinical studies should be reqmred to
demonstrate equivalent safety and effectlvenes% ) o

[N
P S
!

FDA has previously raised concerns about the comparablhty of iron dextran
products with different molecular weights. In 1991 Luitpold Pharmaceuticals filed an
ANDA for its iron dextran product Dexferrum®. This apphca‘uon requested a waiver
from using Imferon as the reference listed drug because the manufacturer had removed
that product from the market due to other problems. Fl)A demed Luitpold’s request for a
waiver based in part on the “dramatic difference in molecular ‘weight between the test and
reference drugs.”"> At FDA’s request Luitpold tested the molecular weights of its
product Dexferrum®, the former reference listed drug Imferon and the current RLD -
INFeD®. The FDA, reviewer states that the molecular werght of Dexferrum® “drffers
immensely” from the values for Imferon and INFeD® ¥ and the product labels 1nd1cate

that Dexferrum is twice the molecular weight of INFeD

Because of this dramatic difference in molecular vvelghts the FDA requrred
Luitpold to perform additional clinical studies to demonstrate that the products were

é N H
g S

13 Review of Pharmacokrnetlc and Iron Utlhzatlon Stud1es November 28, 1995 ANDA

40-024, Iron Dextran Injections, USP, supra at 2. \ % _— y

1 Letter from FDA to Luitpold Pharmaceuticals, Inc., Aprll 9 1993 regardlng Iron A
Dextran Injectlon ANDA 40-024.
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equivalent. The FDA required that a pharmacokinetics sfudy and an iron utlhzatlon study
(consisting of determining the degree of mobilization of iron from the iron dexfranto’ =~
ferritin storage and hemoglobin synthesis) be performed Based on these results the FDA

found that Dexferrum was therapeutlcally equivalent to INFeD

Although the products were shown to be comparable w1th respect to thelr
effectiveness based on pharmacokinetics and iron utilization, there was no attempt to
prove them comparable with respect to safety. It is possrble that differences i 1n ‘their
molecular weights could have an on effect on their respectrve ‘safety profiles. Ina
retrospective study published in 2001, the authors analyzed the data from 841,252
administrations of intravenous iron dextran. Of this number there were. 165 reported
suspected adverse drug experiences. However when the 1ncrdence of adverse events
was compared by specrﬁc iron products, there were erght times more events in patients
receiving Dexferrum® than in patients receiving INFeD® 15

These data may indicate that, although these products appeared equlvalent based
on measures of therapeutic equivalence (pharmacok1net1cs and iron utllrzatlon) they
may, nevertheless, exhibit markedly different safety proﬁles Tlns illustrates the point
that iron complexes are unique compounds that may not behave 1n the body as do
conventional drugs. Because two iron compounds have been shown to be therapeutrcally
equivalent does not assure that they will have the same safety proﬁle especrally when
they are physicochemically different. ;
l i .

If products differ significantly in molecular werght or other phys1cochem1cal
parameters, clinical studies should be requ1red to demonstrate equlvalent safety Asa
condition of approval, the FDA required that Watson Pharma perform a large,
multicenter, placebo-controlled clinical study to evaluate the safety of Ferrlec1t® 16 This
study involved almost 2,600 patients and should serve as. the model for comparrng the

safety of parenteral iron products.

'

] ’ L
6. The FDA considers parenteral colloidal solutlons to be a problem and
requires additional testing to confirm equlvalence

As stated by the FDA in its review of Dexferrurn® “[a]nother problem is that iron

dextran is not a true solution....As with parenteral suspensmns parenteral collo1dal
i i

[
H
H

lg, .

I Fletes R, Lazarus JM, Gage J, Chertow GM. Suspected iron dextran related adverse
drug events in hemodialysis patients. Am J Kidney Drs 2001 Apr 37(4):742- 9

' Michael B, Coyne, DW, Fishbane S, et. al. Sodium fet‘rrc gluconate complex in
hemodialysis patients: adverse reactions compared to placebo and i iron dextran Kldney
Int. 2002 May;61(5):1830-9.
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solutions are considered by the Division of Broequlvalence to be a problem and waivers

of in vivo bioequivalence studies are not granted on them »17 ;

Like iron dextran, Ferrlecit® is a colloidal solutron ie., a heterogeneous mixture
of ferric gluconate particles in an aqueous sucrose solutlon and as a result presents the
same barrier for granting a waiver of in vivo broequrvalence study requlrements Add to
this problem the issues already discussed, including Ferrlecit’s complex structure, o
manufacturing process, drfﬁculty in characterization, mofecular weight, and it becomes
clear that producing a generic product with the same physmochemlcal propertles and the
same safety and effectiveness profiles will be challengmg if not 1mpossrbIe In fact,
many of these issues would directly impact on a generrc applicant’s ability to
demonstrate or claim that its product was the “same” as the reference hsted drug, '

Ferrlecit®.

C. Conclusions

i
Based on the above information, for a generic manufacturer to produce sodium
ferric gluconate complex in sucrose for injection that is the same as Ferrlec1t under the
Statute, the applicant must demonstrate that.

1. The process used to manufacture the generic product has been adequately
shown to be the same as Watson’s manufactugmg process for Ferrleclt and

{
t

2. The physrocochemwal characteristics of the generrc product are the same as
those of Ferrlecit®, and

3. The active ingredient, or in th1s case, the final product of the generrc version is
the “same as” that of Ferrlecit®. ; ,
If all of the above requirement cannot be met. then the FDA should requrre an
NDA supported by a demonstration of equivalent safety and effectiveness based on
results of appropriate preclinical and chmcal studles

17 See Review of Pharmacokinetic and Iron Utilization Studies, March 21, 1945 , supra at

B - - - 1
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D.  Environmental Impact

The actions requested herein are Subject to categoncal exclusxon under 21 CFR §§
25.30 and 25.31(a). ’

Y
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E. Economic lmpact'

' Y o

An economic xmpact statemcnt wﬂI be submxtted 1f requested by the
Commissioner.
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F. Certlf' catlon

The undersxgned certlﬁes that to the best knowledge and”Behcf of the
undersigned, this petmon lncludes all mfonnatwn and iews on which the | petition relies,
and that it includes representative data and mfonnanon known to the petitioner | that are
unfavorable to the petltmn ; ‘

;
i
Sy
i
!

w,.‘.z:ﬁf/alw

Mary E. Ngitch, Ph.D.
Director, gulatory Affaxrs
Watson Pharma, Inc.’
A subs1d1ary of Watson Pharrnaceutxcals Inc /

prectfuuysubmttd o

David Zuchero, MS’, 1D.

Chesapeake Regulatory Group, Inc, \
6574 River Clyde Drive L t
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